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ABSTRACT
Menthol, primarily contained in commercial cigarettes, may have deleterious effects among those who smoke cigarettes containing it regularly. Having this additive in one of the most commonly used products has raised a number of potential public health concerns among researchers around the world. Due to this concern, there is a substantial amount of literature documenting the effects that mentholated cigarettes have on consumers, primarily lung and oral cancer. Periodontal disease, one of the most prevalent problems dentists encounter, has many different etiologies. The added exposure of menthol, however, may provide another etiology that has yet to be adequately explored. The purpose of this study was to determine whether people who smoke mentholated cigarettes have a higher incidence of periodontal disease. This essay is a case control study using a logistic regression analysis of the National Health and Nutrition Examination Survey dataset (NHANES) participants. Using a sample size of 619 adult smokers, we examined the effects of menthol on periodontal disease while controlling for age, number of cigarettes smoked, and income/education level. There was no association found between menthol exposure and the presence of periodontal disease when controlling for other factors either overall or when controlling for race/ethnicity.
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Periodontal disease is one of the most common oral health problems in the United States1. Advanced progressive periodontal diseases have a significant impact on oral health, and possibly general health, of an estimated 10-15% of the adult population, a sizable minority1. Chronic periodontitis is an infectious disease resulting in inflammation within the supporting structures of teeth, progressive attachment loss, and bone loss. It is characterized by pocket formation and ⁄ or gingival recession. The established risk factors for the chronic form of this disease are increased age, diabetes, moderate smoking, and lower education level2. The hallmark sign of periodontitis is attachment loss/bone loss, while assessment of whether the disease is active requires additional measurement of bleeding on probing, and/or probing pocket depth3. The root of a tooth is attached to a material called the periodontal ligament, which holds the root in place within the bone of the oral cavity. It normally attaches to the tooth at the cementoenamel junction, an area that marks the boundary between the crown of the tooth and the beginning of the root. Attachment loss is defined as the distance between the periodontal ligament and the adjacent surface of the root. As the distance increases, the area that is formed becomes deeper and wider, creating a “periodontal pocket”. The greater the distance between the periodontal ligament and the tooth - or the deeper the periodontal pocket - the worse the attachment loss. This phenomenon subsequently represents a decline in periodontal prognosis. “Probing” is an action that describes the use of a periodontal probe, an instrument placed within the pocket between the periodontal ligament and the surface of a tooth, an area called the sulcus. The probe is used to measure the depth of a respective pocket. If there appears to be visual evidence of bleeding after the probe is placed within this area, this could be a sign of localized periodontitis around that respective tooth. The deeper the pocket depth, the higher the likelihood that the patient suffers from periodontitis in that given area of the mouth. 

Smoking and Periodontal Disease
	An association between periodontal disease and smoking has been established for quite some time in the literature2. Genco found that the odds ratio for moderate smoking was 4 -5 for periodontal attachment loss and crestal bone loss - both signs of periodontal disease – once adjustments for confounding were made2. The evidence for smoking as a risk factor for periodontal disease is the (i) consistency of results across many studies, (ii) strength of the association, (iii) dose-response of the association, (iv) temporal sequence of smoking and periodontal disease, and (v) biologic plausibility2. A study examined the relationship between smoking and periodontal disease with the National Health Examination and Survey (NHANES) conducted from the years 1988 to 19945. Patients were interviewed about tobacco use and examined by dentists trained to use standard clinical criteria5. The study found that smoking cigarettes, as a whole, could be the direct cause of half of the cases of chronic periodontitis5. 

Menthol
Menthol, an additive to cigarettes, is thought to cause deleterious effects within the human body6. These harmful effects would extend to those persons who engage in smoking certain cigarette brands such as Kool, Newport, and Salem7, which contains menthol. The deleterious effects of menthol have been documented throughout many publications. One such effect includes potentially masking the harshness of the tobacco smoke8.   The potential negative effects of menthol on the human body have been documented and discussed ranging from conditions such as lung and oral cancer, as well as cardiovascular disease 8, 9, 10, 11. Trinidad et al found that among former smokers, across racial/ethnic groups, those who smoked mentholated cigarettes (vs. non-menthols) were significantly less likely to have successfully quit for at least six months: African Americans (ORadj = 0.23, 95% CI: 0.17–0.31), Asian Americans/Pacific Islanders (ORadj = 0.22,95% CI: 0.11–0.45), Hispanics/Latinos (ORadj = 0.48, 95% CI: 0.34–0.69) and Non-HispanicWhites (ORadj = 0.28, 95% CI: 0.25–0.33)12. After adjusting for sex, age, race, education level, total household income, body mass index, and smoking quantity and duration, mentholated cigarette smokers were found to have significantly increased odds of stroke compared with non-mentholated cigarette smokers (odds ratio [OR], 2.25; 95% CI, 1.33-3.78), and in particular women (OR, 3.28; 95% CI, 1.74-6.19)9. Another study examined the levels of biomarkers of tobacco exposure among U.S. smokers of menthol and non-menthol cigarettes13. In a representative sample of around 4,603 smokers, current menthol cigarette use was associated with increased levels of lead, 4-methylnitrosoamino-1-3-pyridyl-1-butanol (NNAL), and cadmium. Cadmium, a highly carcinogenic material13, has been shown to contribute to lung and prostate cancer incidence13. It acts as a catalyst in forming reactive oxygen species. This effect increases lipid peroxidation, depletes antioxidants, glutathione, and protein bound sulfhydryl groups13. It also promotes the production of inflammatory cytokines. These agents all can cause local and diffuse periodontal tissue damage14, which can ultimately result in periodontitis. Cigarette smoking can impair immunologic function via these same agents, causing the functional impairment of both the local and systemic components of the immune system involved in the maintenance of periodontal health5. Despite this fact, there is a gap in knowledge about the periodontal effects of menthol, particularly regarding those who tend to be exposed on a chronic basis. 
	
Racial/Ethnic Disparities
	The high rates of periodontal disease among particular groups9 could be associated with mentholated smoking products. There is a disparity among African Americans, who show a higher risk for periodontal disease compared with Whites15. Part of this disparity may be due to limited access to oral health-care services15. However, there may be other causes, as well. There are studies that consistently show that African Americans have a preference for cigarette brands that are menthol based16, as well as additional data that show when compared to White smokers Black smokers favor mentholated cigarettes by roughly a 3-fold margin16. 





The long-term goal of our program of research is to reduce race/ethnicity-based disparities in chronic periodontitis. The objective of this project is to determine whether there is a relationship between menthol exposure and chronic periodontitis. The rationale is that once we determine whether there is a relationship between menthol and chronic periodontal disease, we can ask specifically about the quantity of menthol exposure when we assess patients, as well as give them oral health advice that is more informed and substantiated. The proposed research is innovative because we are using menthol exposure to assess susceptibility to chronic periodontitis. Our hypothesis states that the prevalence of periodontal disease in African Americans and those of lower socioeconomic groups could be attributed to this agent, with other factors being controlled for. 
We will test our hypothesis and achieve our objective by pursuing the following specific aims:
Aim 1: Determine whether smoking menthol cigarettes is associated with increased risk of chronic periodontitis as compared to smoking non-menthol cigarettes. We hypothesize that the risk of chronic periodontitis will be higher in people who smoke mentholated cigarettes compared with people who smoke non-mentholated cigarettes. Aim 2:  Determine whether there are menthol-related disparities in chronic periodontitis. We hypothesize that racial and socioeconomic differences in the use of mentholated cigarettes will be associated with racial and socioeconomic disparities in chronic periodontitis. We will establish this association using a multivariate logistic regression analysis of the National Health and Nutrition Examination Survey dataset, recorded in the years between 2009 and 2010.













Data from the National Health and Nutrition Examination Survey (NHANES) 2009-2010 was used. NHANES is a stratified multistage probability sample of the civilian non-institutionalized population in the 50 states of the U.S. and District of Columbia19. Analyses were performed by Dr. Michael Manz, DDS, MPH, PhD, at the University Of Michigan School Of Dentistry. I constructed the algorithm used to determine what characteristics would qualify among the NHANES subjects as chronic periodontitis. This algorithm is presented in detail later within this section. Dr. Manz and I used the dataset from the 2009-2010 analysis in this study to see if there would be any association between menthol exposure and periodontal disease. If there was an association at a fixed alpha value of .05 or below, then the study would be broadened to include other year datasets from NHANES that have the same variables of interest. 
Only adults aged 20 years old or older with 1 or more natural teeth and not having a health condition that required antibiotic prophylaxes before periodontal probing were eligible for the periodontal examination. The variable SMD650 represented the average number of cigarettes per day within the last 30 days, which served as the variable to determine whether a subject smoked. Menthol exposure in the NHANES dataset was represented by the variable SMD100MN, and is labeled as a Menthol Indicator by NHANES. Gingival recession was measured as the distance between the free gingival margin (FGM) and the cementoenamel junction (CEJ). Pocket depth (PD) was measured as distance from FGM to the bottom of the sulcus or periodontal pocket19. Third molars were not included within the NHANES dataset, and thus were excluded from this study. Gingival recession and PD were measured at two sites on each tooth. These areas were the “mesial” surface, or the side of the tooth that faces the anterior direction in the transverse plane within the arch, and the “mid-facial” region, which represents the surface facing the cheek mucosa on the adjacent side of the tooth relative to its position in the arch. For measurements at each site, a periodontal probe with 2-,4-,6-,8-,10-, and 12-mm graduations were positioned parallel to the long axis of the tooth at each site18. Each measurement was rounded to the lowest millimeter, and the data were used to calculate attachment loss, which is the key measurement to determine if a subject has periodontal disease19. Attachment loss (AL) was calculated by NHANES as the difference between probing depth and the ratio between the free gingival margin and cementoenamel junction.19. 
The different classifications for periodontitis severity were taken from a previous study19. Severe periodontitis was defined as the presence of 2 or more sites with AL greater than or equal to 6 mm, where the sites did not have to be on the same tooth, or 1 or more interproximal site(s) with PD of at least 5 mm19. Moderate periodontitis was defined as 2 or more interproximal sites with AL greater than or equal to 4 mm or 2 or more interproximal sites with PD greater or equal to 5 mm19. Mild periodontitis was defined as 2 or more interproximal sites with AL greater than or equal to 3 mm AL or more than 2 interproximal sites with PD greater than or equal to 4 mm, or 1 site with PD greater than or equal to 5 mm19. Total periodontitis was the sum of severe, moderate, and mild periodontitis19. 
Of those subjects who smoked cigarettes, we used a logistic regression equation to examine the association between exposures to menthol cigarettes and the presence or absence of periodontal disease. In addition, the interaction of smoking menthol cigarettes by race/ethnicity was also examined. The ethnic groups included within the study were White, Black, Mexican Americans, other Hispanics, and “other.” We wanted to see if the relationship between menthol and periodontal disease varied depending on participants’ race/ethnicity. This added analysis was used to see if smokers of a specific ethnic origin, in particular African Americans, had a higher prevalence of periodontal disease due to an increased rate of smoking menthol cigarettes. 

Data Analysis
A multivariable, logistic regression analysis was conducted to test for an association between periodontal disease and use of menthol cigarettes among smokers. For all data analyses, the numbers were analyzed with SAS-9.2. We also controlled for several possible confounders. These included Age at Screening Adjudicated in Years (RIDAGEYR), Ratio of family income to poverty (INDFMPIR), and Average number of cigarettes per day during the past 30 days (SMD650). The fixed alpha level was .05. 







Of the subjects in the NHANES dataset, 776 were smokers. Of those, 687 were deemed to have chronic periodontitis at some level (mild, moderate, or severe) (69.72%; Table 1). The moderate level of chronic periodontitis garnered the highest percentage of those with chronic periodontitis, where about 37.70% of the subjects qualified. Mild and severe chronic periodontitis brought up the tail end of the frequencies and percent tallies. Periodontal disease was defined as described in the Methods section, combining all levels for the first analysis. The second analysis took into account each subject that qualified for a specific classification based on the periodontal algorithm for each category (mild, moderate, and severe). All results of each analysis are listed in Table 1.

Table 1. Frequency and Percent of Smokers with Chronic Periodontitis
Outcome		Frequency	Percent 





Table 2 displays the frequency and percent of people who smoked menthol cigarettes versus those who did not smoke menthol cigarettes. A total of 776 subjects reported smoking cigarettes. An overwhelming majority of those who smoked cigarettes chose the non-menthol brand, evidenced by the 71.4% of smokers within the sample.  






*represented by the variable SMD100MN

Ethnic groups that were apparent within the sample are represented by Table 3. Whites were the most represented race/ethnicity within the NHANES dataset, with Blacks and Mexican Americans making up the lower end of the percentages in terms of sample representation. 








** represented by the variable RIDRETH1

Menthol exposure among smokers was compared among the different ethnic groups (Table 4). The main focus was to see which ethnic group, overall, had the most exposure to menthol via cigarette smoking. The first number represents the number of subjects who smoke either non-menthol or menthol cigarettes. For example, there are 107 Mexican Americans within our sample. Out of those subjects, 91 of them reportedly smoke non-menthol cigarettes, while only 16 of them reported smoking menthol cigarettes on a regular basis. Among these values in Table 4, it seems that Whites hold an overwhelming majority when it comes to smoking non-menthol cigarettes, where approximately 314 out of the 380 White subjects reported that they smoke menthol cigarettes on a regular basis, close to 83% of the sample.







Table 4. Frequency and Percent Comparing Menthol Exposure by Race/Ethnicity
	Race/Ethnicity








a – number of smokers
b – percent by race/ethnicity












Table 5. Chi-Square and P-Values for Age, SES, Menthol Smoking, and Number of Cigarettes Smoked
Effect	DF	SE1	Wald Chi-Square	P-Value
Age at Screening Adjucated in Yearsa	1	0.01	65.1	<.001
Ratio of Family Income to Povertyb	1	0.07	20.12	<.001
Menthol Indicatorc	1	0.1	0.33	0.57
Average # of cigarettes per day during the past 30 daysd	1	0.01	0.91	0.02

1- Standard Error of the Mean
a- represented by the variable RIDAGEYR in the NHANES dataset
b- represented by the variable INDFMPIR in the NHANES dataset
c- represented by the variable SMD100MN in the NHANES dataset
d- represented by the variable SMD650 in the NHANES dataset


We also found that after controlling for age poverty/income ratio, number of cigarettes smoked, and whether menthol cigarettes were smoked, race/ethnicity was significantly associated with having chronic periodontal disease. The value of .0124 is less than our alpha value of .05, allowing us to reject the null hypothesis. Blacks have an increased chance of having periodontal disease when compared to whites (SE = .24, Chi-square = 6.26, p < .01; Table 6).        

Table 6. Chi-Square Values and Likelihood Estimates for Age, SES, Menthol, and Race/Ethnicity
Effect	DF	SE1	Wald Chi-Square	P-Value
Age at Screening Adjucated in Years	1	0.01	54.03	<.0001






1- Standard Error of the Mean




In this study, we wanted to see if there is a relationship between menthol exposure and periodontal disease. An association could cause the creation of dental treatment plans to be tailored to eliminate the deleterious periodontal effects that menthol may have, subsequently lowering a target population’s chance of acquiring chronic periodontitis. Upon analysis of the data, we found that there was no association between menthol and chronic periodontitis. Consistent with other studies, we found that compared with other race/ethnicities, African Americans smoke the most menthol cigarettes. By percent, the overwhelming majority of menthol cigarette smokers are African-American (Table 4). This is consistent with previous studies. 
Among all of the ethnic groups within the study, Blacks were the only ethnic group to show a significant risk of periodontal disease based on race/ethnicity alone after controlling for other factors. Unfortunately, we do not know what is causing this increased risk now that we have shown that menthol exposure through cigarette use is not the answer. 
There were several strengths and weaknesses to this study. One strength this study displayed was that it had a large sample size. There were weaknesses, as well. Although we controlled for a number of variables, there may be confounders that we are not accounting for. Additionally, because there is no accepted definition of chronic periodontitis, it is possible that an association could be obtained with a different definition. The age of onset of disease is one issue for which there is no consensus. NHANES assessed chronic periodontitis in subjects that were age 30 and older. Although many sources say chronic periodontitis can be defined, in part, by adult age of onset, others say that it can occur in adolescents4. Also, the number of affected quadrants is another issue for which there is no consensus. Though there are strengths and weaknesses to the definition that was used in this study, our definition is congruent with most other definitions of chronic periodontal disease. Due to this notion, we feel confident in our conclusion that there is no significant association between menthol exposure and chronic periodontitis.
Because our hypothesis was not supported, there are still questions as to what causes Blacks to have a higher prevalence of periodontal disease. The answer does not appear to be related to menthol exposure, but could be related to the act of smoking itself. Future studies could examine factors such as the amount of draw that a smoker takes.  Other studies could focus on other potential causes of the disparity of periodontal disease among Blacks versus other ethnic groups. Though menthol does not seem to be the culprit behind the disparity, the true sources have yet to be identified.
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